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Ongoing & neaterm futuremicroplasticsesearch in
my Nutrient Cycling & Ecological Design Lab at UVN

AComprehensive literature review (draft ready to share in ~ 2 weeks)
A~150 papers reviewed by my team

A Coveranicroplasticsn compostsdigestates food waste, and agricultural
solls

AMakes recommendations for better linking science & policy

ADevelopment of methods for measurimgicroplasticsn complex
organic matrices

AQuantification ofmicroplasticsn depackagedood waste, digestate,
and composts

ATesting effects afmicroplasticon soil microbial functions



How do we measure microplastics?

Methods

Alsolation:
A Organic matter removal

Aldentification:
A Visual inspection (40X)
A Dichotomous key

ACharacterization:

A Size distribution (0.§ 1 mm,
1¢5 mm, >5mm)

A Shape (film, fiber, fragment)
A Type (FTIR Spectroscopy)

Counting microplastics under the microscope (Photo: Aukey for Seven Days)



How do we measure microplastics?

Challenges

matter removal
AMelting

AConversion of
counts to mass,
which will likely be £ e
more relevant for &
policy makers

: B L8 B ! o -
Putative microplastic at 40X. Sieve with residual material including nplastic

_ food fragments & microplastiqg®hoto: K. Porterfield)
Raw food waste presents more challenges than compost or digestate






Measurements amicroplasticseported in the scientific
literature for compostgjigestatesand food waste

Al4 peerreviewed papers providing original data on microplastics in organic
residuals were identified and reviewed

ACount values: typical ranges reported
A ~12 to~82,800particles per dry kgpf green wastederived compost

A 20 to 30,000 particles per dry kgdnmposts made with food waste

A 70to 895 particles per dry kdgjgestate
A~40 to 1,400 particles per dry kgpod waste

A% by masg typical ranges reported
A 0.00024% to ~0.1358% by dry weightirmposts
A 0.01% by dry weight (& mm) to 0.125 0.12% by wet weight (>6 mm) ifigestate

A ~0.025% ifomogenized food wastt® 5.6% w/w insource separated household
biowaste(*higher value not directly measureglestimated by mass balance)



Measurements amicroplasticseported in the scientific
literature for compostgjigestatesand food waste

AFewer results for % by dry weightnost researchers are measuring
abundance in terms of count of particles per dry kg of material

AVariability is likely driven by multiple factors, including feedstock,
processing, and methods used to detewcroplasticqe.g., size
fractions includedy no standard methods exist

AOur preliminary data suggest that averageroplasticsounts for
two depackagedood wastes & one digestate in VT fall within typical
ranges listed on previous slide



Measurements amicroplasticseported in the scientific
literature for compostgjigestatesand food waste
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Example results from Germany e
Schwinghammeet al. (2021) :
X 0.10=
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weight limit of 0.4% of hard plastics and R
0.1% of other plastics >1 mm. Our results £ - ?@ =l /;.; |
show that both sludge and compost Smocowwoww oIz
samples can comply with the regulation RS EBEEEEREES
6 CAIdzZNE ob0é 3323;3%‘%"55

Figure 3 | Percentage of dry weight of hard and deformable MP per kg TS.



Microplasticsn agricultural soils

AMultiple potential pathways of introduction

APrimarymicroplastics(engineered to be small plasticcoated controlleerelease

fertilizers, treated seeds, and capsule suspension plant protection pro@teiozo;
Stubenrauclhand Ekardt 2020)

A Secondarymicroplastics(form from breakdown ofmacroplastic3
A Plastic mU|Ching:orradiniet al., 2021)
A Contaminated soil amendmentsorradiniet al., 2021)
A Irrigation water(znou et al., 2020)
A Atmospheric depositioKu. zhang et al., 2020)
A RoadSChen et al., 202@Bommeret al., 2018)
A Litter (de Souza Machado et al., 2018a)

ANot all of these sources will affect every site
Aa S adzNBYSyida NBLR2NISR Ay fAGSNY Gdz2NBY
(overlaps with reported ranges for composts digestateg



Physical effects aficroplasticsn agricultural soils?
effects vary depending on polymer type and soils

AMicroplasticshave been found tincrease

ASO” aeratiOﬂde Souza Machado et al., 2019, 2018b; Lozano et al., 2021)
Awater repellencay. qietal, 2020; Steinmetz et al., 2016)

A pOI’OSIty(HuertaLwangaet al., 2017; Y. Qi et al., 2020; Steinmetz et al., 2016)

AMicroplasticshave been found talecrease

ASO” bulk denSitYde Souza Machado et al., 2018#tbachuet al., 2021; Y. Qi et al., 2020; Serrdhaiz et al., 2021)
Aaggregate Sizagim et al., 2021; Lozano et al., 2021)



Biological effects ahicroplasticsn
agricultural soils?

ASoil microorganisms can be affected hyicroplasticSecuo etat., 2020 w. wang et al., 2020
with evidence of effects on:

A Species dominance, diversity, and richnessi@roplasticdoses in soils of 0¢3%
W/W (Feiet al., 2020; Ren et al., 2020; J. Wang et al., 2020; Y. Wang et al., 2021; Yi et al., 2021)

A Overall microbial biomass at dosage of 1% Wfwkeret al., 2020)

AMicroplasticshave been found to cause oxidative stress and abnormal
gene expression at a dosing level of 0.25% w/wefothworms cneng et at., 2020
8. Lietal, 2029) WNICh can consume and transpanicroplastiCSznang et al, 2018)



Biological effects ahicroplasticsn
agricultural soils?

ALower germination ratesn the presence omicroplasticshave been

observed for rye grass and garden Cr@ssetal., 201moskeret al., 2019Pflugmacheet
al., 2020)

AMicroplasticshave also been shown teduce root, shoot and/or
total biomass growth at dosing rates of
A 1¢2% wiw for wheatpiugmacheet al., 2021: Qi et al., 2018)
A0.1¢10% wi/w for garden cresSiugmachest al., 2020)
A1¢2% wiw for Chinese cabbageng et al., 2021)
A0.1¢1% wiw for cornwang et al., 2020)
A0.1% wiw for rye graSsoots et al., 2019)
A0.2c0.6% w/w for riceviu et a., 2021)
A 2% wiw for spring onioke souza machado et al., 2019)
A1% w/w for lime treegenyonet a., 2020)



Biological effects ahicroplasticsn
agricultural soils?

AHowever, in some instances negative effects were only observed for:

ASomepOIymer typeS but not Otherﬁoots et al., 2019; de Souza Machado et al., 2019; Qi et al., 2018; F.
Wang et al., 2020; M. Yang et al., 2p21

A Certain sizes but not otherg. Liet al., 2020; M. Yang et al., 2021

A Certain dosing rate@anget al. 2020
A Certainsoil pH conditiongiu et a., 2021

ATo date, there is limited evidence that crops uptake plastics into

theil’ biomaSS(Azeemet al., 2021; Huerthwangeet al., 2017)

AHowever, some recent studies have reported findinigroplasticsn
cultivated crops, including wheatLietal., 2020;anet al., 2020a, 20205 FradiShirympaet al.,
2021), garden CreS@oskert al., 2019) COIM(sun etal., 2023aNA CUCUMDEE. Liet al., 2021)



Weaknesses in current soicroplastics
research

AVariability in results

ANo easy way to determine the environmental relevance of existing
ecotoxicity studies

AMicroplasticsn agricultural soils are being measured in counts of particles
per dry kg, butecotoxicitystudies use dosing at various % by dry weight

AMore research is needed to overcome the currak of information
linking microbial community composition to functiofics etal. 2021



Microplasticeffects remain uncertaipmore
research is needed

AEPA, 2021
AdadzOK NBYFAY& dzy OKE NI OGSNAT SR I 02 d
exposure to plastic particlesr composts andligestatesggenerated from food

waste and used as soil amendments, making it challenging to evaluate risks to
KdzYly KSFfOGK YR GKS SYGANRBYYSY (O Pé

AGcKS T OIFAfTFofS EtAOSNY GdzZNB R2Sa y2i
environmental or human health effectthat are occurring as a result of

plastic contamination in finished compost and digestate products produced
dzaAy3a FT22R 61 aisS adaNBIl Yadé

AdLO A& Iftaz dzyOft SFNJI K2g GKS NmRala |
from food waste would compare to those of background levelsplastic
contamination and other sources of plastic contamination in the

SYOBANRYYSY [ P&



Gap between viewpoints of scientists & media
(Volker et al. 2020)

AMost scientific studies (67%) framaicroplasticgisk as hypothetical
or uncertain, while 24% present them as established

Aln contrast, most media articles reporting aricroplasticimpacts
(94%) imply that risks ahicroplasticexist and harmful impacts are
highly probable

AWe need to rigorously evaluate the risks in Vermont, as well as the
potential tradeoffs of policy



design process to harmonize food waslieroplasticscience & policy

A. Develop...

[) Standard methods
for measuring

microplastics in food
wastes, composts,

digestates and soils,
including standard:

I. Abundance on a w/w
basis

ii. Upper and lower size
limits

iii. Size fraction
delineation

iv. Polymer
categorization

V. Soil depth

Porterfield et al. (in prep)



design process to harmonize food waslieroplasticscience & policy
A. Develop... B. Characterize...

I) Microplastic abundance in

) Standard methods food wastes, composts & digestates

for measuring

microplastics in food

wastes, composts,

digestates and soils, II) Microplastic polymers in food
including standard: wastes, composts & digestates

i Abundance on a w/w
basis

Upper and lower size . L .
! ”nﬁﬁs [II) Microplastic size fraction

i Size fraction distribution in food wastes, composts

delineation & digestates

\2 Polymer
categorization

V. Soil depth

IV) Microplastic abundance in
agricultural soils

Porterfield et al. (in prep)



design process to harmonize food waslieroplasticscience & policy

A. Develop... B. Characterize...
V) Impact of upstream and
[) Microplastic abundance in downstream policy design
food wastes, composts & digestates on microplastic content in

[) Standard methods
for measuring
microplastics in food
wastes, composts,
digestates and soils, II) Microplastic polymers in food
including standard: wastes, composts & digestates

composts and digestates

VI) Sources of microplastics
in food wastes, composts &
digestates

i Abundance on a w/w

basis

i. U dl i . o . i

! -pper ancriower size [II) Microplastic size fraction WL Unfpetels o sepprl Een
limits strategy (e.g., manual,

: : istribution in food wastes, composts :
ii.  Size fraction distribution i P depackaging etc.) on

. eelinzelion SRl microplastic composition
Iv. Polymer
categorization
V- Soil depth VIII) Ecotoxicity thresholds
IV) Microplastic abundance in and effects at real-world
agricultural soils concentrations of

microplastics

Porterfield et al. (in prep)



design process to harmonize food waslieroplasticscience & policy

Porterfield et al. (in prep)



